L ITTLE is known about older adults' ability to compensate -/ by relying on visual information when listening to speech. In one study, older adults differed from younger adults by relying more on facial articulatory (visible speech) information in their classifications of syllables that were perceived both visually and auditorially (Thompson, 1995, Experiment 1). Moreover, the sentence recall results showed a clear benefit of the presence of visible speech during sentence encoding in the older group, but not in the younger adult group. These results suggest that a visual compensatory mechanism is affecting language understanding at a fairly early stage of processing. However, research has not yet addressed whether older adults are able to use a visual compensatory mechanism when their working memory is taxed to its functional limits. The goal of the present experiment is to investigate whether older adults use a strategy of relying on visible speech more than younger adults do when the selective attention demands of language processing are extremely high.
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We employed a dichotic shadowing task paradigm to understand better the conditions whereby visible speech compensation would be exhibited. The logic for using this paradigm is that adult age-related performance differences become most apparent when individuals are tested at the limits of their cognitive functioning abilities (Baltes, 1987; Kliegl & Baltes, 1987) . The shadowing task is extremely attention-demanding because it requires the listener to encode the words that are attended to from one channel, to repeat them back immediately, and to filter out the irrelevant channel simultaneously. This version of the task adds the requirement to watch the speaker's face. We predict that under these more taxing listening conditions, older adults will be unable to benefit by visual language, because of working memory limitations (Cohen, 1979; Pichora-Fuller, Schneider, & Daneman, 1995) , a decline in the ability to inhibit irrelevant auditory information (Barr & Giambra, 1990; Ford et al., 1979; McDowd & Filion, 1992) , or both. Real-world speech understanding situations often include a view of the speaker's face and body, so it is important to determine the types of conditions for which the visual language accompanying speech will or will not aid speech understanding.
In the present experiment, young and older adults listened to sentences that were dichotically presented through headphones. In addition, they watched a male speaker on a television who was speaking one of the sentences they were hearing. There were three visual language conditions: (a) speaker was in view but made no facial movements or gestures (S condition); (b) speaker presented visual articulatory movements of the face (SA condition); and (c) speaker presented both visible speech and iconic gestures (SAG condition). Participants shadowed (repeated aloud) as many words as they could from the side indicated by two lights above the television. The relative difference in the proportion of words shadowed from the visible speech channel, compared to the baseline speech-alone condition, should be greater for older than younger adults if older adults are able to use a visual compensatory strategy within the very attention-demanding dichotic shadowing task.
A second purpose of the study was to determine whether iconic gestures might also have an effect on the words participants select to shadow. Iconix are a broad class of gestures that specify similar meaning to that intended by the speaker's words (McNeill, 1986) . However, Thompson (1995) showed that older adults showed no overall advantage in sentence recall due to the presence of iconic gestures, whereas younger adults did. It was speculated that younger adults' greater working memory capacity led to their ability to encode the gestures semantically. Thus, in the dichotic shadowing task, older adults should not be selecting words on the basis of the parallel gesture information, whereas younger adults should, supporting the hypothesis of an age decline in gesture processing due to working memory limitations.
METHOD

Participants
Forty-two young adults (25 women and 17 men, M = 19.8 years, SD = 3.0 years) and 42 older adults (30 women and 12 P347 P348 THOMPSON AND GUZMAN men, M = 76.9 years, SD = 8.4 years) participated in the experiment. All participants reported normal or corrected-to-normal visual acuity and at least "good" health. Six older adults reported hearing loss that they believed to be minor. Older adults averaged 14.8 years, and younger adults averaged 12.9 years of formal education. Wechsler Adult Intelligence Scale (WAIS-R; Wechsler, 1981) Vocabulary scores averaged 53.7 for older adults and 51.7 for young adults, which was a nonsignificant difference. Younger adults' Backwards Span scores were significantly higher than older adults' scores, t (82) = 3.22, p < .005 (M = 7.31 for young adults and 5.71 for old adults).
Apparatus and Materials
Forty-eight dichotically presented sentence pairs were created containing identical sentence beginnings, after which the composition of the sentences diverged, forming sentence endings that were both meaningful extensions of their common beginnings. For example, "Susan has been waiting for a knight in shining armor to rescue her from the dragon," appeared along with "Susan has been waiting for a night of peace and quiet with her two young kids." Each sentence of a pair was spoken in exactly the same amount of time. All sentences were spoken by one adult male into a Macintosh IICX computer using MacRecorder and were edited using SoundEdit. A 500-ms tone followed by a 500-ms period of silence preceded each pair of sentences.
Three versions of each of the sentence pairs were dubbed onto separate videotapes. In making the video tape, the speaker rehearsed each sentence many times before taping it, so that the video component appeared to be in perfect synchrony with the audio component. Two independent viewers did not detect any asynchronies between the audio and video components, and they also judged each gesture to be "natural." In the S condition the speaker was videotaped in front of a green background from mid-torso to the top of the head, with hands folded and resting on a table. In this condition, his face held a look of interest, but he remained motionless. In the SA condition, his mouth formed the words presented to either the left or the right auditory channel. In the SAG condition, the visual language contained iconic gestures in addition to visible speech coinciding with one sentence ending. One iconic gesture always appeared at the point of sentence divergence. For example, the speaker's hands grabbed imaginary curtains in front, drawing them together as if closing the curtains when the words "draw the curtains" were spoken. The modal number of gestured words or phrases was three. A 4-s visual "ready" cue preceded the tone and the sentence.
Participants viewed the tape on a 19-in. RCA XL-100 color television, sitting 120 cm from the monitor. The visual angle of the speaker's head and torso was approximately 9.4 degrees. They listened to speech through Koss headphones. Left and right channel loudnesses were determined to be equivalent when checked by a decibel meter. Participants' responses were audiotaped for later transcription.
Design and Procedure
The 48 sentence pairs were presented across subjects in all three visual language conditions. Each subject saw and heard every sentence pair presented in only one visual language condition, and they were exposed to 16 sentences within each condition. Thus, each age group consisted of 14 participants who were presented with Set 1, Set 2, or Set 3 videotaped stimuli. Within the sets, visual language trials contained visual information consistent with the left or right channels half the time, for both visual language conditions. Participants were told to attend to the left and to the right ears equally often within each visual language condition. For example, of the 48 trials given to a particular participant, 16 came from the SA condition; of these 16 trials, 8 contained sentence extensions matching the video input in the right channel; of these 8 trials, subjects were told to shadow the right channel on four trials and to shadow the left channel on the remaining four trials. The order of presentation of trial conditions was determined randomly. Participants were told to shadow the language presented on the right channel of their headphones when they saw the right light above the television displayed, and the left channel when the left light was displayed. This light was operated by the experimenter, and remained on during the "ready" cue.
RESULTS
The average proportion of times shadowing responses occurred for right and left channels, when instructed to attend to a given channel, were calculated for each participant and for each visual language condition. The coded data were derived from the sentence positions where the two auditory channels diverged to the end of the sentence. For each sentence, four outcomes were possible. The shadowed response occurred: (a) primarily for the left ear; (b) primarily for the right ear; (c) equally across ears; or (d) not at all. Two raters separately coded the data and disagreements were settled by reviewing the audiotapes a second time and reaching a consensus. Figure 1 presents the average proportion of correctly shadowed responses for each condition. An overall analysis of variance (ANOVA) that included the side factor was run on correct responses prior to running the separate ANOVAs for each side. In the ANOVA, the side variable was involved in three significant interactions (ps < .05), including the Side X Visual Language interaction. Consequently, two separate ANOVAs were run, one each for left and right ear responses. Both data sets were submitted to a 2 (age: young, old) X 3 (visual language: S, SA, SAG) repeated measures ANOVA. In the left ear analysis, age significantly modified the effect of visual language condition, F(2,164) = 3.85, MSE = 0.02, p < .05. Neither main effect reached significance (ps > .05). Planned matched t test comparisons revealed that, in the young adult group, a significantly higher proportion of shadowing responses occurred in the S A compared with the S condition, t (41) = 2.89,/? < .01. Neither t test was significant for older adults (p > .05).
The right ear ANOVA on correct responses showed that younger adults correctly shadowed a significantly higher proportion of responses across conditions than did older adults, F(l,82) = 7.31, MSE = 033,p < .01. The interaction between age and visual language was not significant in the ANOVA (p > .05). Nevertheless, planned comparisons were conducted within each of the two groups to test the hypothesis of an age differential use of visible speech or visible speech and gestures. These comparisons indicated that for older adults, no differences between S and either SA or SAG conditions were apparent. For younger adults, however, shadowing was significantly greater in the SAG, compared with the S condition, t(4l) = 3.35, p < .005. Older adults were thus uninfluenced by the presence of both visible speech and gestures regardless of the ear attended to. In contrast, younger adults' shadowing performance was improved by the presence of visible speech when attending to the left ear; when attending to the right ear, performance was improved by both visible speech and gestures. DISCUSSION We hypothesized that older adults, due to their more limited working memory capacities and/or a decline in auditory inhibitory efficiency, may not benefit from visible speech and gestures under extremely difficult listening conditions, whereas young adults should. The shadowing paradigm results confirmed this hypothesis. Compared with older participants, younger participants showed a greater ability to process the auditory speech that matched visible speech. Perhaps in Thompson's (1995) study the processing demands of syllable classification and immediate recall tasks were so minimal as not to invoke a visually selective compensatory mechanism in younger adults, whereas the same task context invokes a compensatory mechanism in older adults. In contrast, the greater demands of inhibiting irrelevant information from the unattended ear may have prevented older adults from using this compensatory mechanism within the shadowing task context.
Previous research led to the expectation that both young and older adults would show a right ear advantage (REA) in reporting words (e.g., Broadbent & Gregory, 1964; Clark & Knowles, 1973) . The fact that the REA did not occur for older adults is likely due to their reduced ability to inhibit irrelevant information from auditory attentional focus in working memory (Barr & Giambra, 1990; McDowd & Filion, 1992) or to select from competing inputs (Barr & Giambra, 1990) . Given that the visual information was constantly present to aid the selection process in the SA and SAG conditions, it is unlikely that individuals were unable to select the correct ear to shadow and more likely that the source of shadowing difficulties was mediated by inhibition processes. However, other factors that were uncontrolled could mediate this finding, including age-differential hearing loss to the right ear.
Gestures contributed to younger but not older adults' shadowing performance. The initial demonstration of an age-differential use of gestures in visual-spoken language comprehension was apparent in an immediate memory task (Thompson, 1995, Experiment 2) . The data in the present experiment more narrowly pinpoint the source of this age difference to processes occurring during language encoding, rather than during the retrieval of previously encoded language. In summary, under extremely attention-demanding language comprehension conditions, older adults cannot invoke a visual compensatory mechanism to aid their comprehension of spoken language. The specific cognitive mechanism(s) responsible for the effect have yet to be determined.
